The refractive index and the extinction coefficient, i.e. , the real and imaginary parts of the complex index of refraction, for semiconductors and insulators are derived as a function of photon energy. These derivations apply f-sum rules and symmetry relations to critical-point transitions from the valence band to the conduction band. Comparison with measured optical data reveals that present formulations are valid over a wide range of photon energies immediately above the band gap to the first ionization threshold for inner shells. The present work shows an improvement and extension over the theory of Forouhi and Bloomer, which applies for a narrow range of photon energies above the absorption edge.
I. INTRODUCTION
Optical properties of solids can be characterized by quantities such as the complex index of refraction n ( )co= i( i)co+i (tr) coand the complex dielectric function s(co) a=i(co)+isa(co) T. hese quantities are photon energy co dependent and provide information on the propagation of radiation and on the electronic structure of solids. '
Optical quantities are useful in the design of mirrors, prisms, multilayers, etc.
The refractive index il(co) and the extinction coefficient tc(co) are commonly determined by rejective and absorptive spectroscopies.
Utilizing modern synchrotron radiation sources, these quantities can be measured over a wide range of photon energies, from the far infrared to the hard x-ray region. (13) Equation (13) does not satisfy the symmetry relation, '
i.e. , K(co) = -K( -co). To rectify this situation, we let fo
The extinction coefficient of Eq. (14) For each absorption process, we expect that (9) where I 0 is the damping parameter relating to the full width at half maximum of the K(co) spectrum. Therefore, the extinction coefficient becomes n, ff(co)~, :n,ff(co)~,:n,ff(co)~, = 1:g& '. rib fpl pco
in the limit co~co;. Equations (7) - (9) 
be the oscillator strength for the ith critical-point transition. One can generalize Eqs. (16) and (18) Tables I and II correspond to critical-point transitions of the valence band, whereas the last three terms (i = 12, 13, 14) are associated with L-shell excitations of Mg and Si.
Neglecting the K-shell contribution, we find that the refractive index at the region well below the L-shell excitation energy may be given by Eq. (24) (22) and (23) Si calculated using E 
